Abstract. This paper proposes a method of reduced-reference image quality assessment based on watermarking algorithm in underwater acoustic channel. By embedding the watermark image into the original one, then delivering the combined image through the channel distortion, the same channel distortion would be exposed to the original and the watermark image. In the receiver, we use the blind extraction methods to recover the watermark image and use the watermark degradation to evaluate the quality of the original one. In this paper, we build two kinds of channels: AWGN channel and Rice fading channel to validate the feasibility of the method which would be used in the underwater acoustic channel.
Introduction
The quality assessment methods can be classified into two types: subjective image quality assessment(SIQA) and objective image quality assessment(OIQA). SIQA is making the observers evaulate the image quality according to the visual effects of the test image, and then give the scores.And the result we called Mean Opinion Score(MOS) is the image's SIQA. OIQA aims at providing an automatic and efficient system to evaluate the quality. Based on the existence of source image, OIQA can be classified into: Full Reference(FR), Reduced Reference(RR) and No Reference(NR) of OIQA methods. The FR requires the original image information as a reference. The RR only requires some features of the original image or statistical information as a reference for assessment. The NR does not need any information about the reference image. In image evaluation system, the widely used FR methods are PSNR and SSIM. They can assess the image quality in some aspects. But in many occasions, such as in a acoustic transmission network , we often can't obtain the original image in the receiving end, so we can't use the FR method. And NR method is not reliable. Therefore, the research of RR OIQA method is very meaningful.
The digital watermarking technique confirms the integrity of the data though embedding the redundant information-watermark into the original data information. Digital watermarking use some strategies to embed the digital information into the original data. According to the position we can classify watermark algorithm into spatial domain and transform domain watermark algorithm.
In this paper, we use the watermarking technology in the reduced reference image quality assessment. We embedded the semi-fragile watermark into the host image. In receiver, we can evaluate the quality of the image by studying the changes of the watermark . Different degradation levels of the two underwater acoustic channels had been simulated, and the degradation database had been established. Based on the database, we use the OIQA of the watermark image to evaluate the SIQA of the host image's quality. So that it would be suitable for the method to be used in the underwater acoustic application.
Watermarking evaluation scheme and IQM

A. Watermarking evaluation scheme
In this paper, we embed the watermark into the original image, and through the channel distortion, we use the blind watermark extraction method to extract the watermark in the receiving end. Then, we can assess the quality of the watermark to evaluate the host image's quality. The specific processes are as in figure 1. 
B. Image evaluation index 1). Subjective image evaluation index
As the human visual system is the image processing terminal, the reasonable method to evaluate image quality is based on subjective evaluation. In the subjective image quality assessment methods, Mean Opinion Score(MOS) [3] . It generally has five standards: excellent, better, good, bad, worse. Subjective evaluation criteria are shown in the table 1. 
2). Objective evaluation index
For usual occasions, after we obtain the original images and the reconstruction images, the mean square error(MSE) and peak signal to noise ratio(PSNR) are used to assess the quality of the reconstruction image [4] . Assuming the image size is M×N,I(x,y) represents the original image, (x,y) represents the distortion image. The expression for MSE can be expressed as:
x y xy
Among them, C1, C2 is a constant for the may be very small. C2 is the same with the C1, and represent x and y standard deviation respectively. This paper will use SSIM and MOS values as the basic assessment index after the image distortion. We use the SSIM index to assess the recovered watermark quality and MOS value to the recovered host image quality. And then we draw the curve between the recovered watermark and recovered host image to make a qualitative description of the watermark quality change and the covered image quality change. And finally we can talk about the feasibility of the RR method using watermark.
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Assessment approach based on watermark
In the image quality assessment of this paper, we use the embedding watermark as the reference to assess the host image. There are some points for attention in embedding the watermark. Firstly, The watermark embedding should follow the invisibility principle.Secondly, the watermark embedding and extraction of the whole process should be blind. Thirdly, the watermark embedding should follow the comprehensive principle, namely the watermark embedding should try to distribute to the whole host image space.
To embed the watermark into the image's transform domain, we have to make a dct transform of the image. First, segment the covered image into 8×8 blocks [5] , each block is a basic unit for the watermark sequence, and for each block, we get the DCT2 transform. Second, select predetermined two value watermark pattern, using several watermark patterns as the embedded watermark. Third, generate the PN sequence of the watermark. The specific process uses a fixed seed to produce the same length, minimum correlation of two PN sequences to represent the two value watermark, and embed the PN sequence into the each 8×8 DCT coefficients. Fourth, after the channel distortion, the received image is also divided into 8×8, and dct2 transform for each block. After this, use the fixed seed to produce PN sequence, and correlation detection for every block, comparing the corresponding correlation values between two PN sequences and the 8×8 DCT coefficients. At last, decide the each block's representation of value '1'or '0', and recover the watermark.
Degradation resources database
In this paper, we choose 10 pieces of materials(256 x 256) as the original host images, the materials involving the characters and scenery. So the range is wide. And we design the watermark for embedding,size 20x50.
We can also caculate the psnr value of each watermarked image,getting the image,as the Fig.2 show.From the figure,we can see the PSNR of ten watermarked images all exceeds 30dB. that means the watermarked images maintain certain invisibility.
Fig.2.The figure of watermarked images's psnr
The image degradation model of channel is Gauss white noise, Rician Fading channel. Gauss white noise degradation may directly be through MATLAB software's imnoise function to achieve. Rician Fading channel is based on LABVIEW software platform. We set the Rician channel's frequency deviation for 100HZ, and we use Root shaping filter, the Alpha is:0.5,the filter length is 8. Furthmore, we set the symbol rate of 40k, using 2-PSK modulation to modulate the source. We change the Rician channel parameter K value to change the effect on the image. Now we define the Gauss channel and Rician channel degradation just as table 2 shown. The higher Gauss noise level and Rician noise level is, the worse of the quality of the image is. Each image will be through the two channel degradation. At the receiver end, we extract the watermark using blind extraction method. After the separation between watermark and the host image, we can see the degradation of the recovered host image. Figure 4 to Figure 5 show the effects in Gauss, Rician Channel.
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Experimental results and analysis
In this paper, we obtain 10 pictures' database under different level degradations in two channels. We set the recovered watermark's SSIM as the horizontal coordinate. We set the recovered host image's MOS as the vertical coordinate, using Logistics fitting. As the figure 3 show below. From  Fig.3 , we can see that the recovered watermark's SSIM increase with the recovered Host image's MOS. To a certain extent, the change of watermark's quality and the change of host image's quality are synchronous. The curves we can use frequently used 3 evaluation indexes in reference2 to assess the objective prediction and the subjective evaluation's consistency [2] .
The 3 evaluation indexes are The correlation coefficient,Spearman rank order correlation coefficient and Outlier Ratio. These indexes' value are shown in the table 3. We can see from the table 3, whatever it is Gauss or Rician Fading Channel, the MOS values of recovered host image and the SSIM values of recovered watermark are basically monotonicity and consistency. In addition,under the Gauss channel, the values of three indexes are higher than the Rice channel, so it means its monotonicity and accuracy are better. 
Conclusions
In this paper, we put forward a method that can assess the image quality based on digital watermarking technology in underwater acoustic channel. We used a blind detection method for watermark extraction. Four kinds of watermarks had been tested using DCT embedding method. And by this watermarking method, it would be possible for us to evaluate the original image's quality. Three kinds of channel had been used for the simulation, and the metric (Peason, Spearman, and OR) we used had shown that the method would be acceptable to be used. 
